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Overview of Presentation
• Part I: Introduction and motivation
• Part II: Single-element design
• Part III: Reduction of array side-lobes
• Part IV: Steered beam design
• Part V: Conclusion
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Part I: Introduction and Motivation
Synthetic aperture radar (SAR) 
• A technique utilizing radar systems that transmit a high power radio 
frequency signal and receives the backscattered echoes sequentially from a 
moving platform and then using signal reconstruction techniques to 
generate a high resolution image of the radar target
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Suppressed side-lobe, beam steered, C-band circularly polarized array antenna for SAR
Part I: Introduction and Motivation
SAR Image: NASA Cassini, Public domain
JMRSL Airborne SAR System
• The Josaphat Microwave Remote Sensing Lab (JMRSL) has a vision to create 
our own SAR system
• Spaceborne or airborne
• L, C and X band frequencies
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Suppressed side-lobe, beam steered, C-band circularly polarized array antenna for SAR
Part I: Introduction and Motivation
JMRSL Airborne SAR System Diagram
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Part I: Introduction and Motivation
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Planar Array Antennas
• Circularly polarized
• Four units in total
• 2 for transmit
• 2 for receive
[1] P.R. Akbar, J.T. Sri Sumantyo, H. Kuze, “A Novel Circularly Polarized Synthetic Aperture Radar (CP-SAR) onboard Spaceborne Platform,” 
International Journal of Remote Sensing (IJRS), Vol. 31, No. 4, pp. 1053-1060, 2010.
[2] M.Z. Baharuddin, et.al, “Development of a Semi-Automated SAR Test-Bed”, International Symposium on Telecommunication 
Technologies (ISTT), IEEE, 2014 
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Part I: Introduction and Motivation
Antenna Performance Requirements
• Frequency: 5.3 GHz
• Impedance bandwidth: 400 MHz
• Reflection coefficient (S11): -10dB to -20dB or lower
• Beam scan angle: 40 degrees 
• Axial ratio < 3 dB
• Impedance: 50 ohm
• Gain: 24 dBi
Challenges
• Steep beam scan angle
• High gain requirement
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Part II: Single-element design
Proposed C-band, Circular-pol, Proximity-fed Array
Requirements
• Frequency: 5.3 GHz
• Impedance bandwidth: 400 MHz
• Reflection coefficient (S11): -10dB to -20dB or lower
• Beam scan angle: 40 degrees 
• Axial ratio < 3 dB
• Impedance: 50 ohm
• Gain: 24 dBi
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Suppressed side-lobe, beam steered, C-band circularly polarized array antenna for SAR
Part II: Single-element design
Proposed single-element patch
Electromagnetically coupled corner truncated patch for circular polarization
Right handed polarization Left handed polarization
[3] C.A. Balanis, Antenna Theory: Analysis and Design, 3rd Edition, Wiley-Interscience; April 4, 2005
[4] Yohandri, V. Wissan, I. Firmansyah, P. Rizki Akbar, J.T. Sri Sumantyo, and H. Kuze, 
“Development of Circularly Polarized Array Antenna for Synthetic Aperture Radar Sensor Installed
on UAV,” Progress in Electromagnetics Research C, Vol. 19, pp. 119-133, January 2011.
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Part II: Single-element design
Verify performance of single patch with requirements
• Frequency: 5.3 GHz
• Impedance bandwidth: 400 MHz
• Reflection coefficient (S11): -10dB to -20dB or lower
Impedance bandwidth > 400 MHz
Center frequency
= 5.324 GHz
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Design process: 1 x 10 Linear Array
• Array factor calculated using Dolph-Chebyshev synthesis to reduce 
sidelobes
• Beam patterns on a rectangular plot is shown to compare:
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Space-borne Narrow Beamwidth, Broadband CP-SAR Antenna Array and System Development 
Part III: Reduction of array side-lobes
No synthesis
Dolph-Chebyshev 
synthesis
Requirements
• Reduced side-lobe
• To reduce the side-lobe levels the Dolph-Chebyshev synthesis method [3] 
was utilized with satisfying results.
• Calculation of array factor for each patch element:
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Part III: Reduction of array side-lobes
Element 1 2 3 4 5 6 7 8 9 10
Relative 
amplitude
0.04549 0.06869 0.10327 0.13276 0.14977 0.14977 0.13276 0.10327 0.06869 0.04549
[3] C.A. Balanis, Antenna Theory: Analysis and Design, 3rd Edition, Wiley-Interscience; April 4, 2005
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Design process: 1 x 10 Linear Array
• Beam steered using delayed feeding lines
• Combined with array factor calculated using Dolph-Chebyshev synthesis
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Part IV: Steered beam design
30mm
= 0.53λ
Verify performance of linear array with requirements
Requirements
• Frequency: 5.3 GHz
• Impedance bandwidth: 400 MHz
• Reflection coefficient (S11): -10dB to -20dB or lower
• Beam scan angle: 40 degrees 
• Axial ratio < 3 dB
• Impedance: 50 ohm
• Gain: 24 dBi
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Part IV: Steered beam design
Requirements
• Frequency: 5.3 GHz, achieved 5.25 GHz
• Impedance bandwidth: 400 MHz
• S11: -10dB to -20dB or lower
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Part IV: Steered beam design
Operating frequency
= 5.25 GHz
Impedance bandwidth > 400 MHz
Good S11
121
C-band, Circular-pol, Proximity-fed Array for Boeing-SAR
Requirements
9 Frequency: 5.3 GHz, achieved 5.25 GHz
9 Impedance bandwidth: 400 MHz
9 S11: -10dB to -20dB or lower
• Beam scan angle: 40 degrees 
• Axial ratio < 3 dB
• Impedance: 50 ohm
• Gain: 24 dBi
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Part IV: Steered beam design
C-band, Circular-pol, Proximity-fed Array for Boeing-SAR
Requirements
9 Frequency: 5.3 GHz, achieved 5.25 GHz
9 Impedance bandwidth: 400 MHz
9 S11: -10dB to -20dB or lower
• Beam scan angle: 40 degrees 
• Axial ratio < 3 dB
• Impedance: 50 ohm
• Gain: 24 dBi
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Part IV: Steered beam design
Requirements
• Scan angle: 40°
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Part IV: Steered beam design
Note: Radome thickness
0.5 lambda thickness for X-band
0.25 lambda thickness for C-band
Horizontal stabilizers
Transmitting and receiving 
antennas
Radome
Left wing
Required beam pattern
Requirements
• Scan angle: 40°
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Part IV: Steered beam design
Antenna normal
Nadir direction
Desired range/look direction
Beam scan angle / steered beam angle
Off-nadir 
angle
Range beamwidth
Antenna Antenna radiation pattern
Design process
• Feed design: began with equal length corporate feed, uniform phase.
• This design has no shift (0° tilt).
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Part IV: Steered beam design
30mm
Uniform phase feed
• No tilting, no beam steering
• Beam pattern (in decibels) perpendicular to the radiator surface
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Part IV: Steered beam design
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Beam steering via phase shifting (controlled timing)
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Part IV: Steered beam design
26Animation by radartutorial.eu
Requirements
• Scan angle: 40° requirement. 
• Beam was tilted using phase increment
• Calculating the phase increment
• At 5.3GHz, d = 30 mm, Θs = 40°, gives a phase increment Δϕ = 135°
• Table below shows derived values for 40° beam shift:
༓ⴥ኱Ꮫ⎔ቃ䝸䝰䞊䝖䝉䞁䝅䞁䜾◊✲䝉䞁䝍䞊
27
Space-borne Narrow Beamwidth, Broadband CP-SAR Antenna Array and System Development 
Part IV: Steered beam design
OM
sd 4q ' sin360
Element 1 2 3 4 5 6 7 8 9 10
Phase 
(degree)
0 135 270 405 540 675 810 945 1080 1215
Phase 
(lambda)
0 0.3750 0.7500 1.1250 1.5001 1.8751 2.2501 2.6251 3.0002 3.3752
Distance from 
feed (mm)
117.36 130.17 142.97 155.78 168.59 181.40 194.21 207.02 219.82 232.63
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Part IV: Steered beam design
Uniform feed distribution (Scan angle: 0°) 
Phase delayed feed distribution (Scan angle: 40°) 
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Part IV: Steered beam design
Phase delayed feed distribution (Scan angle: 40°)  
Element 1 2 3 4 5 6 7 8 9 10
Phase 
(degree) 0 135 270 405 540 675 810 945 1080 1215
Phase 
(lambda) 0 0.3750 0.7500 1.1250 1.5001 1.8751 2.2501 2.6251 3.0002 3.3752
Distance from 
feed (mm) 117.36 130.17 142.97 155.78 168.59 181.40 194.21 207.02 219.82 232.63
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Part IV: Steered beam design
Design process: 1 x 10 Linear Array 
• Controlled timing of delayed feeding lines results in beam shift
• Combined with array factor calculated using Dolph-Chebyshev synthesis
Requirements
• Beam tilt: 40°
• Figure shows radiation pattern (in dB)
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Part IV: Steered beam design
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Requirements
• Beam tilt: 40°
• Figure shows radiation pattern (in magnitude)
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Part IV: Steered beam design
Requirements
• Beam tilt: 40°
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Part IV: Steered beam design
Requirements
• Beam tilt: 40°
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Part IV: Steered beam design
No shift
15°
40°
41°
40° provides the best compromise 
of tilt angle and gain.
Range beamwidth is 14.4°
Requirements
• Scan angle: 40°
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Part IV: Steered beam design
Antenna normal
Nadir direction
Range direction
Beam scan angle / steered beam angle
Off-nadir 
angle
Range beamwidth
= 40°
= 14.4°
Using the phased controlled array, 
the desired range direction can be 
achieved.
C-band, Circular-pol, Proximity-fed Array for Boeing-SAR
Requirements
9 Frequency: 5.3 GHz, achieved 5.25 GHz
9 Impedance bandwidth: 400 MHz
9 S11: -10dB to -20dB or lower
9 Beam tilt: 45° (achieved 40°)
• Axial ratio < 3 dB
• Impedance: 50 ohm
• Gain: 24 dBi
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Part IV: Steered beam design
Requirements
• Axial ratio < 3 dB
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Part IV: Steered beam design
Axial ratio bandwidth = 126.7 MHz
124
Requirements
• Impedance: 50 ohm
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Part IV: Steered beam design
Real impedance 
of 50Ω near the 
operating 
frequency
Imaginary impedance of 0Ω
near the operating frequency
Requirements
• Gain: 24 dBi (requirement)
• Graph shows only 13.5 dBi maximum gain
• To meet gain requirements, the array needs to be made larger
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Part IV: Steered beam design
Array expanded to become 10 x 12 element array
• Still maintains low E-field sidelobe and steep scan angle
• Gain achieved 23.97 dBi at 40° scan angle
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Part IV: Steered beam design
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Conclusion
• A beam steered phased linear array antenna has been designed according 
to SAR system requirements, and simulated to provide estimated 
performance characteristics.  
• A steep steering angle was achieved using delayed microstrip feed lines.
• Reduced E-field sidelobes were achieved using Dolph-Chebyshev synthesis.
Next steps:
• Fabrication of full CP array followed by measurement in anechoic chamber
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Part V: Conclusion
Questions & Answers
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• Suppressed side-lobe, beam steered, 
C-band circularly polarized array antenna 
for Synthetic Aperture Radar measurements
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